Two Spanish plum pox virus (PPV) isolates, 5.15 and 3.3, were used in transmission experiments involving the aphid vector Myzus persicae, with woody and herbaceous host plants. These isolates differ in the size of their coat protein (CP) and sequence analysis revealed that isolate 3.3 has a 15 amino acid deletion near the N terminus of the CP, affecting the same positions as in a previously reported non-aphid-transmissible PPV isolate from Germany. Aphid transmission experiments showed that isolate 5.15 was transmitted from infected plants whereas isolate 3.3 was not. In contrast, both isolates were readily aphid-transmitted when acquired through artificial membranes from purified virus preparations supplemented with purified helper component (HC) obtained from potato virus Y-infected plants. This indicates that non-transmissibility of isolate 3.3 may be due to a defect in the HC rather than in the CP.
Potyviruses (family Potyviridae), such as plum pox virus (PPV), are naturally transmitted by aphids in a nonpersistent manner, with two virus-encoded proteins involved in the transmission process: the coat protein (CP) and the helper component (HC) (Pirone, 1991) .
In this study we used two previously described PPV isolates, 5.15 and 3.3, with serologically distinct CPs of different molecular masses (L6pez-Moya et al., 1994a, b) . The source inocula of both isolates were young peach leaves [Prunus persica (L.) Batsch cv. Nemaguard] provided by Dr M. Cambra (IVIA, Valencia, Spain). They were maintained in Nicotiana benthamiana, Domin. and in peach plants. We compared the aphid transmissibility of these isolates and conducted experiments to determine whether the lack of transmission of isolate 3.3 was due to a deletion found in its CP.
To characterize the deletion responsible for the observed size differences in their CPs, the partial sequence of nearly 400 nucleotides encompassing the C terminus of the NIb and the N terminus of the CP genes was obtained for both isolates by nucleic acid extraction, RT-PCR and direct sequencing of the amplified products. Nucleic acids were extracted from infected plant tissue by homogenization in 25 mM-Tris-HC1 pH 7"5 * Author for correspondence. Fax +34 1 561 18 00. e-mail CIBLM34@CC.CSIC.ES The nucleotide sequence data presented here have been submitted to the DDBJ, EMBL and GenBank databases and assigned accession numbers L42470 to L42473 (3.3 HC 261 bp and 180 bp, 3.3 CP 366 bp and 5.15 CP 411 bp, respectively).
containing 25 mM-MgC12, 25 mM-KC1 and 1% SDS, followed by extractions with phenol and phenol-chloroform-isoamylalcohol (25: 24: 1), ethanol precipitation and resuspension in sterile water. Avian myeloblastosis virus reverse transcriptase (Promega) was used to perform the reverse transcription in the conditions recommended by the supplier, with the downstream primer (described below) included in the reaction. PCR amplification was subsequently performed with Taq DNA polymerase (Perkin-Elmer) according to the supplier's instructions, using two 18 nucleotide primers (positions 8391-8408 and complementary to 8900-8883 in the PPV genome, according to Lain et al., 1989) provided by Dr J.A. Garcia (CNB, CSIC, Madrid, Spain). Both isolates yielded a single product when analysed in agarose gel, but the size of the 3.3-derived product was smaller when compared with 5.15. The RT-PCR fragments were isolated with the Magic PCR Prep DNA purification system (Promega) and used as templates for enzymatic sequence analysis using the fmol DNA sequencing system (Promega). Both PCR primers were used separately and each fragment was sequenced in at least two independent reactions. Different samples of isolate 3.3 were analysed, including purified virus, infected N. benthamiana plants (both used as sources in aphid transmission experiments) and aphid-inoculated N. benthamiana (see below).
A 15 amino acid deletion (positions 2823-2838) was found in all 3.3 samples ( Fig. 1 a) . We investigated the origin of this deletion by analysis of the virus from peach leaves used as source inocula (3.3-origin), which had 0001-3143 © 1995 SGM Short communication (a) 2770 2780 been kept frozen. Although no infection was achieved after mechanical inoculation with extracts of this material, a sample was successfully processed for nucleic acid extraction, RT-PCR and sequence analysis as described above. The deletion was not detected in 3.3origin, suggesting that the variant could have become predominant after the host change by mechanical inoculation to N. benthamiana plants. A comparison o( the partial amino acid sequences of isolates 5.15, 3.3 and 3.3-origin is shown in Fig. l(a) . Two amino acids differed between 3.3-origin and 5.15 (V to A in position 2828 and P to S in position 2861), while no differences except the deletion were observed between 3.3-origin and 3.3.
Alterations in a highly conserved triplet of amino acids (DAG) near the N terminus of the CP have been correlated with loss of transmissibility in many potyviruses (reviewed in Atreya et al., 1991) . All reported CP sequences of PPV isolates contain the DAG motif (Lain et al., 1989; Teycheney et al., 1989; Wetzel et al., 1991; Cervera et al., 1993 ) except a German non-aphidtransmissible isolate (NAT), which had a 15 amino acid deletion (Maiss et al., 1989) affecting the same positions as in our 3.3 isolate (Fig. I a) . In both cases the deletion resulted in a DAL motif. However, isolates 3.3 and NAT differed in three amino acids other than the deletion in the partial sequence (D to N, G to S and N to H in positions 2797, 2886 and 2887, respectively) . To establish the transmissibility characteristics of our isolates, experiments were conducted, including a PVY-N isolate obtained from Dr F. Ponz (INIA, Madrid, Spain) as a control. Groups of apterous mature aphids from a Myzus persicae (Sulz.) clone were collected, starved for 2 h and allowed to probe for 10min on leaves of infected plants; 10 aphids per plant were placed on seedlings of N. benthamiana or peach. The plants were sprayed with insecticide the next day and transferred to the growth chamber for observation. PPV symptoms were confirmed by double-antibody sandwich ELISA using monoclonal antibodies which specifically distinguish between isolates (L6pez -Moya et aL, 1994b) . The results showed that PPV 3.3 failed to be transmitted in any of the tests performed, while PVY-N and PPV 5.15 were always readily transmitted (Table 1 ). PPV 5.15 was also transmitted back from infected N. benthamiana to peach seedlings in one plant out of seven assayed.
The results of these experiments suggested that the altered DAL motif of the CP of isolate 3.3 might be involved in its lack of transmissibility. However, the HC protein is also required in an active form for the successful aphid transmission of potyviruses, and it has been shown that several potyvirus isolates are nontransmissible due to defective HC (Thornbury et al., 1990; Granier et al., 1993; Huet et al., 1994) . A study was performed in order to determine which protein of the isolate 3.3 (the smaller CP or the HC) was responsible for the transmission failure. Active HC can be purified from plants infected with potyviruses (Thornbury et al., 1985) , but there are no reports of successful purification in the case of several members of the group, including tobacco etch virus and PPV. Recently, Ravelonandro et al. (1993) were able to detect serologically the PPV HC in infected plants as a soluble protein, although they did not purify it. Our attempts to extract HC from PP¥-infected plants by the procedures described by Govier & Kassanis (1974) , Sako & Ogata (1981) , Lecoq & Pitrat (1985) or Thornbury et al. (1985) were unsuccessful and none of the extracts provided HC activity in aphid transmission assays. Furthermore, no additional bands were observed in SDS-PAGE analysis of preparations from PPVinfected plants when compared with extracts from healthy plants (data not shown). In contrast, PVY-Ninfected plants provided purified preparations of active HC which showed a 58 kDa band in SDS-PAGE analysis as reported by Thornbury et al. (1985) . Activity assays of purified PVY-N HC preparations were performed with purified PVY-N particles and only those providing a 100% transmission rate were used for subsequent experiments.
It is known that HC produced by different potyviruses can promote the aphid transmission of other members of the group in specific combinations (Govier & Kassanis, 1991) and PS and 66 (Cervera et al., 1993) . (b) The sequence of the N terminus and an internal portion of the HC of the Spanish isolate 3.3 is aligned with the corresponding sequences of the isolates Rankovic, D and NAT. Amino acid sequences are numbered according to Lain et al. (1989) . Processing sites are designated by (V). Underlined residues are those different from the most conserved one in each position, and missing residues are represented by (-) . The regions presumably involved in aphid transmission in the CP (Atreya et aL, 1991) or in the HC (Huet et al., 1994) of potyviruses are indicated by asterisks. 1974; Pirone, 1981 ; Sako & Ogata, 1981 ; Lecoq & Pitrat, 1985) . To test this with PPV, purified particles (L6pez- Moya et al., 1994a) were used in membrane acquisition experiments supplemented with purified PVY-N HC. In short, aphids were allowed to probe through stretched Parafilm M membranes in solutions containing purified PPV particles mixed with purified HC in 0.1 N-Tris-H2SO 4 pH 7'2, 20 mM-MgSO 4 and 20 % sucrose. After 10 min of acquisition, 10 aphids were transferred to each N. benthamiana seedling and the procedure continued as described for the plant-to-plant transmission experiments.
The results of the membrane assays (Table 2) showed that purified particles of both 5.15 and 3.3 isolates were readily transmitted to N. benthamiana plants when supplemented with an active HC, indicating that the smaller PPV 3.3 CP remained functionally active in the process. A reduction of the virus concentration from 200 to 100 ~tg/ml in the test solution resulted in a decrease in the transmission rate with both isolates (Table 2) . Purified PPV 3.3 mixed with PVY-N HC was also transmitted to two out of nine peach seedlings. After transmission, the characteristics of the PPV 3.3 isolate were maintained: back transmission experiments from aphid-inoculated N. benthamiana or peach plants to N. benthamiana plants were unsuccessful, sequence analysis of a sample obtained from an aphid-inoculated plant showed the same 15 amino acid deletion, and neither the serological properties nor the size of CP was modified as indicated by ELISA and Western blot analysis with monoclonal antibodies (data not shown).
The lack of plant-to-plant transmission of the 3.3 isolate suggested that the defect could be in its HC. Mutations in at least two different domains of the potyvirus HC have been associated with its activity during transmission (Thornbury et al., 1990; Atreya & Pirone, 1993; Granier et al., 1993; Huet et al., 1994) . To find out if similar mutations affected isolate 3.3, the sequence of two regions of nearly 300 and 200 nucleotides in the HC gene was obtained, using the described direct sequencing procedure after RT-PCR. One upstream 15 nucleotide primer (positions 1014-1028) was used in combination with downstream primers of 14 or 18 nucleotides (complementary to positions 1377-1390 or 2172-2189). As shown in Fig. 1 (b) , no differences were found in the deduced amino acid sequence between isolate 3.3 and the previously reported isolate Rankovic, and only one (position 316) or three amino acids (positions 316, 346 and 628) differed when compared with NAT and D isolates, respectively. The amino acids in conserved motifs reported to affect HC transmissibility in other potyviruses (K in position 360 and T in position 619) are unmodified in 3.3. Therefore these regions do not seem to be involved in the lack of transmissibility of 3.3 and further investigation will be needed to conclude whether other changes in the HC can be responsible for its observed phenotype. Unfortunately, the hypothesis of an inactive HC for the isolate 3.3 cannot be tested directly due to our inability to purify PPV HC, and it cannot be excluded that the heterologous HC in the in vitro system assists the transmission of the PPV isolates in a somehow different manner from the homologous HC in natural conditions (i.e. due to a more relaxed specificity in the heterologous combination). It will be especially interesting to elucidate whether the NAT isolate also exhibits similar behaviour and whether these observations can be applied to other non-aphid transmissible isolates of other potyviruses.
Our experiments suggest that not all naturally occurring alterations in the DAG motif result in a CP defective for aphid transmission. The motif is located in the N-terminal region of the CP, highly variable among potyviruses, and the context could affect its activity. In this sense, the residue following the motif has been shown to modify the aphid transmissibility of tobacco vein mottling virus (Atreya et al., 1991 (Atreya et al., , 1995 . Additional data will help to find if general rules can be established or if the regulation is different for each particular virus.
Another interesting point is the frequency of the mutations affecting the conserved motif among isolates of potyviruses. These mutations often occur as a result of several mechanical passages, suggesting that a selective advantage could exist for sequences different from DAG (at the nucleic acid or the protein level) in the absence of pressure favouring aphid spread of the virus. Interestingly, the deletion in 3.3 is identical to the deletion found in another PPV isolate with a different geographical origin, suggesting that this particular deletion confers an advantage to variants of PPV for an unknown reason.
